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This dissertation focuses on the investigations of the heterogeneous catalysts for 
the selective oxidation of alcohols and amines with molecular oxygen in liquid phase. 
We succeeded in preparing Pd/NaX catalysts containing Pd particles with 
tunable mean sizes by a procedure involving the ion exchange of [Pd (NH3)4]2+ ions 
into the zeolite NaX followed by calcination and H2 reduction. Our studies found that 
the change in the calcination temperature could regulate the interaction between the 
Pd precursor cations and the anionic zeolite framework, and thus could change the 
size of Pd particles after reduction. We obtained Pd/NaX catalysts containing Pd 
particles with mean sizes tunable in 2 - 10.5 nm by changing the calcination 
temperature from 120 oC to 500 oC. It was clarified that the present Pd/NaX catalyst 
was efficient for the solvent-free aerobic oxidation of various alcohols. Under 
optimized conditions, the turnover frequency (TOF) for the solvent-free oxidation of 
1-phenylethanol at 150 oC could reach 18800 h-1. Studies using the Pd/NaX catalysts 
containing Pd particles with different mean sizes suggested that the catalyst with a 
mean size of Pd of 2.8 nm exhibited the highest intrinsic TOF in the oxidation of 
benzyl alcohol, and thus the reaction was structure-sensitive. On the other hand, the 
oxidation of geraniol and 2-octanol over the Pd/NaX catalysts showed characterisitics 
of structure-insensitive reactions, i.e., TOF was almost independent of the size of Pd 
particles.  
We found that the Ru/Co3O4 prepared with an adsorption-precipitation method 
was quite effective for the oxidation of benzylamine to benzonitrile, and the catalyst 
could be used recyclably. The Ru/Co3O4 catalysts could also efficiently catalyze some 
other amines to corresponding nitriles in high yields. The present catalyst could 
catalyze the solvent-free oxidation of benzylamines, gaving 90% conversion and 98% 
selectivity to benzonitrile after reaction at 150 oC for 24 h. The catalytic activity of the 
Ru/Co3O4 depended on the size of Co3O4 and the content of Ru. It was speculated that 
the Ru species highly dispersed on and interacted with Co3O4 were responsible for the 















states of Ru species revealed that the highly dispersed RuOx·yH2O species supported 
on Co3O4 possessed higher reducibility at lower temperatures and showed higher 
activity in the oxidation of amines, while the RuO2 supported on Co3O4 was difficult 
to be reduced at the lower temperatures and exhibited lower catalytic activity. 
Supported metallic Ru and RuCl3 were almost inactive for the oxidation of amines. 
 
Keywords: alcohol; amine; liquid-phase selective oxidation; supported metallic 















第一章  绪  论 
1.1 引言 
醇、胺等有机化合物的选择氧化在合成化学中占有十分重要的地位。现行的
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